Introduction

Subjects and methods
Study plan This particular dialytic protocol was started at the Lecce centre in 1978. It was the fruit of the experience A prospective study of the dialytic protocol was carried out, gained over the previous years, beginning in 1972, with the enrolment of patients beginning in 1978. Statistical when the use of new single monitors made it possible analysis required a study population of~200 patients in to test a protocol of more frequent dialytic sessions order to be able to guarantee a substantial number who (five times a week) that was first called daily dialysis would exceed 5 years of treatment. The enrolled patients [1] and subsequently intensive dialysis [2] .
were neither positively nor negatively selected. The patients This protocol was given the name of high efficiency entered the protocol after having given their informed consent haemodialysis (HD) [3] , before this term was used by on a 'first come, first served' basis. The primary endpoint other authors for different treatments. Collins and was the interruption of the treatment due to death, transplantation or transfer.
Keshaviah [4] used the same term of high efficiency in
The study also had the aim of acquiring some data that the stricter sense of dialytic sessions whose greater were considered important for the purposes of evaluating efficacy was intended to reduce the time of dialysis.
the feasibility of the protocol in routine clinical practice and The evolution of this concept is rendered by the its real usefulness: i.e. its effect on well-being; its long-term subsequently used and more correct term of rapid high effects on survival; and its effects on some aspects of the efficiency HD.
uraemic pathology not well corrected by standard dialysis
The fundamental characteristics of the schedule were (the incidence of heart disease, especially ischaemic heart ( Table 1) : (i) dialytic sessions at short intervals with disease; the control of arterial hypertension; the correction the aim of limiting the duration of the unphysiological of anaemia; the control of osteo-articular disease; the nutriinterdialytic interval (72 h); (ii) the application of high tional status). waste molecule clearance levels by using large surface dialysers and blood fluxes of >300 ml/min in order to Study population guarantee the efficiency of the depuration; (iii) short dialytic sessions (3 h) made possible thanks to the use Enrolment was completed in 1993, after the inclusion of 224 of bicarbonate dialysis, that we first introduced in Italy patients, 114 males and 110 females, with a mean age at the [5] ; (iv) dietary freedom, which was made possible by start of dialysis of 47.7±16 years (range: 12-80). No negative selection was made. The age distribution is shown in Figure 1 .
the less discontinuous nature of the depuration. Twenty-two percent of the patients were aged >60 years at 1988, in order to obtain further guarantees concerning the correspondence between prescribed and delivered Kt/V, the the time they entered the study, and 6.2% were >70 years global blood flux ( TBV ) during the dialytic session was old at the start of dialysis.
evaluated. In all of the patients, the vascular access was the The underlying nephropathies were: glomerulonephritis distal arterio-venous fistula (AVF ); a parallel study of the 36%, tubulointerstitial nephritis, chronic pyelonephritis and survival of the AVF was also carried out [7] . The majority obstructive nephritis 22%, vascular nephropathy 13%, diaof the patients underwent treatment in the hospital centre, betes 9%, systemic diseases 6%, polycystic kidney disease 20 patients in the limited care unit, and eight patients at 5%, kidney cancer 1%, others 7%.
home. As from 1986, dialytic efficiency in all of the patients Eighty-four patients (37.5%) were at high risk when they was controlled by means of monthly evaluations of Kt/V began the treatment because of diabetes (15 patients), ischusing the formula of Mastrangelo [8] . aemic heart disease (6), heart failure (7), systemic diseases
The dialysate had the following formulation: Na 140±2 (16), cirrhosis and active chronic hepatitis (9), cancer (4), mEq/1; K 2.5±0.3 mEq/l; Ca 3.85±0.2 mEq/l; glucose malignant hypertension (3), cerebral aneurysms (3), severe 1 g/l; pH 7.1±0.04; bicarbonate 32±2 mEq/l. restrictive lung disease (2) and cachexia (2) . Four patients Periodic controls were monthly urea, creatinine, uric acid, who died within the first 2 months of dialysis have been electrolytes, phosphates, haematocrit, haemoglobin, protein excluded from the study.
(by Astra 8 Beckman) and pO 2 , pCO 2 , bicarbonate (by Radiometer ABL 2) and electrocardiogram. Every 6 months, determinations of serum albumin, pre-albumin, transferrin,
Dialytic regimen
Ig, C 3 , C 4 , total cholesterol, triglycerides, high density lipoprotein cholesterol, parathyroid hormone, b 2 -microglobulin Given that the main targets of the treatment were to reduce and echocardiography were performed. the interdialytic interval while administering an adequate depuration dose, the patients were subdivided on the basis Pharmacology of their body surface area (Figure 2 ).
The patients with a large body surface area (>1.55 m2) Antihypertensive treatment was performed step by step using: underwent four sessions/week of dialysis with a time of (i) calcium channel blockers; (ii) clonidine (iii) acetylcholhaemodialysis (tHD) that, related to the clearance of the inesterose (ACE) inhibitors; and (iv) minoxidil. The treatdialyser, allowed sufficient depuration, as evaluated on the ment of anaemia was: (i) intravenous iron (at the end of a basis of a dialysis index [6 ] whose value was greater than HD session) according to serum iron and ferritin; (ii) folic that of standard dialysis. After 1985, the index was changed acid 1 mg/day if serum folate was low. The target was a to a Kt/V ratio of >1.
haematocrit >30-35%. 1.25-vitamin D (0.25-1.5 mg/day) or The patients with smaller body surface areas (<1.55 m2) 1 a-vitamin D was administered to all patients. As PO 4 -underwent treatment every other day with a tHD calculated binders, calcium carbonate (1-3 g each meal ) was given; in a similar manner. The dialytic dose was adjusted to the after 1992, calcium gluconate lactate was also used. dialysis index or the pre-established Kt/V values using the All patients had free diet. A diet investigation was perfollowing systems: (i) large surface dialysers; the 1.2-1.6 m2 formed for 3 days every 6 months and the analysis of dietary Cuprophan filters initially used subsequently were replaced intake was evaluated by a computerized program [9] . by synthetic membranes [AN69, polymethylmetacrylate Intradialytic vascular stability was evaluated using a com-(PMMA) polysulfone (PSF )] and larger surface areas puterized program in which the input identifying any hypo-(1.4-2.02 m2); (ii) high Qb (>300 ml/min) and Qd= tensive session was defined as one of the following signals: 500-800 ml/min; (iii) high Quf in order to reach the correct (i) symptoms (nausea, vomiting, symptomatic hypotension); dry weight also in those patients who experienced a dispro-(ii) a drop in mean BP values of at least 20 mm below portionate interdialytic gain in body weight.
80 mmHg without symptoms; (iii) the recording of any The necessary corrections were made in real time by therapeutic intervention (NaCl, plasma, plasma derivates, etc.), also without symptoms. varying the Qb, the tHD and the dialysers. Between 1990 and 1993, the use of more efficient dialysers made it possible to reduce the tHD to <180 min, while keeping the Kt/V Results value unchanged. In 1994, the minimum tHD was returned to 180 min, for reasons that will be described later. As from Survival Survival on the schedule was excellent: in addition to death, the reasons for drop-out were transplantation Some of these deaths were due to factors that were certainly extraneous to the uraemia, such as cancer and the rupture of cerebral aneurysms at the level of the circle of Willis (3 patients), which are frequent in patients with polycystic kidney disease. Vascular stability was good ( Table 2 ). The analysis covers 21.672 dialytic sessions from 1986 to 1988. (49 patients 21.9%), transfer to another hospital (seven Disturbances occurred during 7% of the sessions. There patients) and transfer to nightly intermittent peritoneal was a non-significant increase in the number of symptodialysis (NIPD) because of AVF failure (three matic dialyses between 1986 and 1988, both as a whole patients). Two patients did not keep to the protocol, and in individual patients. one because of work problems, and one because of an There were few intradialytic events: air embolism insufficient vascular access. occurred in six patients. Hyperbaric oxygen treatment Patient survival (Figure 3 ) was excellent: 60% at 10 was used successfully in five cases. No neurological years and 48% at 16 years. The survival of the subjects sequences were recorded. One case in 1989 was fatal. who were at high risk when they began the treatment Mean morbidity, evaluated on the basis of the was also excellent, although they obviously had a incidence of hospital admissions, was 0.27/patient/year higher mortality rate.
Vascular stability
( Table 3 ). This value is significant if account is taken of the age of the patients, the high number of subjects Mortality aged >65 years and the high incidence of at-risk pathologies. The mortality rate was extremely interesting: 69
The incidence of ischaemic heart disease was low, as patients (30.8%) died during the course of the 17 years can be seen from the following data: (i) the incidence of the study (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , with an annual mortality of myocardial infarction in the population as a whole rate of 1.85%. was 2%; that of angina pectoris was 1.8%; (ii) the The deaths occurred mainly (69.6%) in the high risk monthly ECG analyses revealed the presence of ECG patients, 57% of whom died in a relatively short time signs of ischaemia in 8.3% of the patients; (iii) Holter at a dialytic duration of 55±38.7 months (range motoring of 66 patients with suspected ischaemia 6-147), whereas 21 of the patients who were not at revealed signs of ischaemia in 12%; (iv) mortality due risk (14.6%) died at a dialytic duration of 99±51 to ischaemic heart disease (1.78% of the population as months (range 7-227).
a whole) and due to sudden death (2.7%) was very low. The gross mortality rate ( Figure 4 ) is very favourArterial hypertension was satisfactorily controlled in able and lower than that in EDTA 1992 data. In some 85% of the patients who were hypertensive at the years, the gross mortality rate was <5%. The highest beginning of treatment; 39% of patients used drugs. rates of mortality occurred with levels of 8 and 9% in At the beginning of the treatment, 92% of the the years 1983 (age 66±5 and 100% high risk patients), patients presented with significant anaemia. At the end in 1988 (71% due to cancer and cachexia), in 1989 of the observation period, mean haemoglobin values (83% high risk patients) and in 1990 (86% high risk were 9.8±2.3. None of the patients required the transpatients).
fusion of red blood cells because of anaemia. In the The 14 deaths (21.6%) due to cardiovascular causes pre-erythropoietin era, only 4% of the population can be subdivided as follows: four patients of ischaemic presented with a haemotocrit of <21% and therefore heart disease (5.7%), all of whom presented with the required transfusions ( Figure 5 ). disease before the beginning of the treatment and one
The plasma urea, creatinine and uric acid were of which was a diabetic; six were sudden deaths (8.6%), certainly less than those found during standard dialysis one of which presented with a stenosis of the aortic ( Table 4) . Delivered Kt/V was 4.62±0.76 ( Figure 6 ). infundibulum before starting the treatment; four Pre-dialysis kalaemia was rarely high: asymptomatic patients died of heart failure, of whom one presented hyperkalaemia was encountered in 27% of patients. with a dual mitral-aortic defect with tricuspidalization, Only 2.2% of the cases required emergency dialytic and one with lupus heart disease. Thus only five sessions because of hyperkalaemia. patients (35%) did not have cardiopathy before HD The acid-base balance was well compensated: the treatment.
pre-dialytic values of plasma bicarbonate were in the Other causes were: cachexia and dementia [13 normal range, and post-dialytic metabolic alkalosis patients (18.8%) aged 73.9±5 years]; cerebral haemorrhage [11 patients (15.7%) aged 53±16.3 years]; cancer was contained and well tolerated ( Figure 7) . be reached from this prospective study.
The protocol is feasible in routine clinical practice Nutritional status
It was possible to obtain the compliance of both the hospital staff and the patients themselves, who were The patients were encouraged to follow a free diet, with due attention being paid to foods rich in fruit, convinced by the level of well being achieved and by the good clinical results. vegetables and water.
The values relating to the nutritional indexes are This is also supported by the results relating to vascular stability, the risk of events during the course shown in Table 5 ; the plasma albumin, pre-albumin and transferrin were excellent in the majority of of HD and the drop-out rate. The problem of vascular stability was studied in particular detail, as the use of patients. Naturally these were correlated with good normalized protein catabolic rate (nPCR) values and large surface and highly permeable dialysers and the removal of a large quantity of water in a short time low time-averaged concentration ( TAC ) and predialysis serum urea.
(an average of 5% of body weight per session) made it possible to hypothesize a high incidence of disturbAll of the patients began dialytic treatment using a distal arterio-venous fistula. The survival of the vascu-ances. Episodes of vascular instability occurred during 7% of the dialytic sessions ( Table 2) . If the particularly lar access was not affected by the more frequent punctures (Figure 8 ).
rigorous criteria adopted by the study are taken into be said that our dialytic protocol is well tolerated. This finding assumes even greater importance if consideration is taken of the large number of elderly and high risk patients included in the study. There are perhaps three reasons for these results: (i) the well-known effects of bicarbonate dialysis on vascular stability [5] ; (ii) the relatively high concentration of Na in the dialysate [11] and the linear nature of the weight reduction; and (iii) the absence of the 'long' interdialytic interval, which inevitably leads to an excessive accumulation of body water.
The high blood fluxes used could have led to a large number of serious intradialytic incidents, because a high Qb can induce high blood pressure and lead to vessel rupture and air embolism; however, the incidence of events of this kind was insignificant. The non-transplant-induced drop-out rate was very low: one patient for poor compliance, two because they were directed towards other protocols, two to account (a drop in mean BP of 20 mmHg even in the NIPD due to AVF failure and one to NIPD because absence of symptoms, the prophylactic administration of stroke, and some other patients who were transferred of sodium chloride, etc.), and our results are compared with those reported for standard dialysis [10] , it can to other centres for logistical reasons. AVF survival was not affected by the more frequent standard dialysis who subsequently switched to the new protocol showed a significant improvement in use. Comparison with a similar population on standard thrice-weekly dialysis showed that AVF survival was anaemia [8] ; and (iii) patients undergoing less efficient treatments as a result of vascular access pathologies similar (Figure 8) .
showed a decrease in haematocrit, even though their transferrin and ferritin remained unchanged [8] .
This type of dialysis leads to more favourable results
Another advantage of this schedule is that there is improved nutritional status. The plasma albumin, Some of the clinical results achieved are particularly worthy of note. Above all, the long survival on treat-transferrin and pre-albumin were excellent in the majority of the patients. Furthermore, the deaths due ment; 60% at 10 years and 48% at 15 years. These data coincide with those relating to gross mortality, to cachexia involved particularly elderly subjects with known senile dementia and an old dialytic age. The which in some years was close to 1-2%. This survival is clearly superior to that of standard dialysis recorded plasma cholesterol and triglycerides were within the normal range in the majority of patients. in Europe and Japan, and approaches that found by Tassin's group [12] . Although, in comparison with Confirmation of this improved nutritional status comes from a study comparing dietary intake in two theirs, our patients were older and the incidence of high risk subjects was much greater (16% in Tassin vs groups of patients [9]: one group on standard and the other on more efficient dialysis. The patients in the 37% in Lecce).
The low mortality rate takes on additional signific-latter group showed a higher intake of protein (1.3±0.3 vs 0.9±0.3 g), calories (32.7±8.6 vs ance if three other factors are considered: (i) the survival rate of the high risk subjects was also high; 22.3±5.4 kcal/day) and highly nutritional amino acids ( Table 6 ). Our patients followed a Mediterranean (ii) the subjects at-risk accounted for a considerable part of the global mortality; (iii) in 27.4% of the cases diet [9] .
It is not easy to identify which of a number of of death, the event was totally unrelated to pathologies associated with uraemia, which hypothetically may not hypothetical factors led to our good results, but it is likely that the three aspects characterizing our protocol have been corrected adequately by the dialysis: 10% died of cancer, 13% of cirrhosis and three patients as and their probable interactions are responsible: i.e. depuration efficiency; short dialytic sessions; and a a result of the rupture of a cerebral aneurysm.
A second and equally interesting aspect concerns the reduction in the interdialytic interval. The dialytic efficiency of our protocol is demoncauses of mortality. The number of deaths due to heart disease was lower than in other populations and, in strated by a series of factors. The urea index of >2.9 l/week/l of body water used from 1978 to 1985 particular, the incidence of ischaemic heart disease was low in terms of both mortality and morbidity. has been confirmed by the retrospective calculations of Kt/V based on the Mastrangelo formula. Between Statistical analysis showed that the incidence of death due to myocardial infarction was 5.7% of deaths and 1987 and 1994, the prescribed and delivered Kt/V was >1, and constant over time ( Figure 6 ). This seems to that in the 66 patients who underwent Holter monitoring while on treatment, the incidence of ischaemia be particularly important, above all when a comparison is made with the American study that documented a was 12%, certainly less than the 26.2% observed by Rostand [13] and the similar results obtained by certain discrepancy between the two values. It is probable that the method used to define total dialytic blood Nicholls [14] and Degoulet [15] .
This finding acquires greater importance if it is volume was useful in this sense. The increased frequency of the sessions obviously led to a further considered that this was a 'short dialysis' protocol, and earlier non-recent studies associated short dialysis important increase in weekly Kt/V (Table 5) , the with greater vascular mortality [16 ] . Similar conclusions were also reached by the NCDS, which showed Table 6 . Evidence of better protein-caloric nutrition found in dietary that short dialysis caused high TAC blood urea nitro-assessment of 75 patients on Lecce dialysis vs 44 patients on gen (BUN ) levels and greater mortality [17] . standard dialysis
